Pheromone trails laid by foraging ants serve as a positive feedback mechanism for the sharing of information about food sources. This feedback is nonlinear, in that ants do not react in a proportionate manner to the amount of pheromone deposited. Instead, strong trails elicit disproportionately stronger responses than weak trails. Such nonlinearity has important implications for how a colony distributes its workforce, when confronted with a choice of food sources. We investigated how colonies of the Pharaoh's ant, Monomorium pharaonis, distribute their workforce when offered a choice of two food sources of differing energetic value. By developing a nonlinear differential equation model of trail foraging, and comparing model with experiments, we examined how the ants allocate their workforce between the two food sources. In this allocation, the most profitable feeder (i.e. the feeder with the highest concentration of sugar syrup) was usually exploited by the majority of ants. The particular form of the nonlinear feedback in trail foraging means that when we offered the ants a choice between two feeders of equal profitability, foraging was biased to the feeder with the highest initial number of visitors. Taken together, our experiments illuminate how pheromones provide a mechanism whereby ants can efficiently allocate their workforce among the available food sources without centralized control.
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To survive, insect societies must organize their workforce efficiently. This organization involves making collective decisions that optimize the colony's fitness. For example, honeybee, Apis mellifera, colonies focus their foraging efforts on only the most profitable patches, ignoring those of inferior quality (Seeley 1995). Both ants and honeybees are capable of choosing the best of several possible new nest sites during migration or swarming (Mallon et al. 2001; Seeley & Buhrman 2001) . Ants are capable of laying pheromone trails to food sources that maximize energy efficiency (Denny et al. 2001 ) and follow the shortest route to a food source (Goss et al. 1989) . Such trails will preferentially lead to food sources with the strongest concentration of sucrose (Beckers et al. 1993) or with volumes larger than a single ant can carry (Mailleux et al. 2000) and towards places where there are prey that require collective transport (Detrain & Deneubourg 1997; Robson & Traniello 1998) . Insect societies achieve such organization and collective decision making because they share information between workers in the colony. The collective success of social insects is thus achieved through feedback mechanisms arising as information is shared between individuals (Bonabeau et al. 1997; Pratt et al. 2002) . Indeed, it is widely recognized that understanding these feedback mechanisms provides a key to understanding how insect societies organize their workforce efficiently (Camazine et al. 2001) .
For the foraging of many species of ants, feedback mechanisms are in the form of pheromone trails, chemicals that are deposited by ants that have found a profitable food source and connect the nest with the food source (Hölldobler & Wilson 1990) . These pheromone trails guide nestmates to discovered food sources and, upon finding the food, these recruited ants leave their own pheromone trail during their return to the nest. The trail is thus reinforced and the probability that other ants will follow the trail is further increased. The formation of such foraging trails allows nestmates to locate and exploit the source.
Although it is clear that pheromone trails involve a feedback mechanism through which ants can share information and increase their collective success, it is less clear precisely how this feedback produces an efficient Correspondence and present address: D. J. T. Sumpter, Mathematics Department, Umeå University, Umeå 90187, Sweden (email: sumpter@maths.ox.ac.uk 
